The consumption of sweetened beverages such as soft drinks has been associated with adverse effects on markers of cardiovascular risk. We examined the hypothesis that high consumption of sweetened beverages increases the risk of stroke. We followed 32,575 women aged 49283 y and 35,884 men aged 45279 y without cardiovascular disease, cancer, or diabetes at baseline. The consumption of sweetened beverages, including sugar-sweetened and artificially sweetened soft drinks and juice drinks, was assessed by using a food-frequency questionnaire. 1.04, 1.42) for cerebral infarction. These findings suggest that sweetened beverage consumption is positively associated with the risk of stroke.
Introduction
The consumption of sugar-sweetened beverages such as soft drinks has been linked to adverse alterations in TG and cholesterol concentrations, markers of inflammation, leptin, and blood pressure (1) (2) (3) (4) . Moreover, soft drink consumption has been associated with increased risk of developing the metabolic syndrome (5), type 2 diabetes (5), and coronary heart disease (1, 6) . Given the observed adverse effects of soft drink consumption on cardiometabolic risk factors, high consumption of soft drinks may increase the risk of stroke. However, prospective studies of the consumption of sweetened beverages or soft drinks in relation to the risk of stroke are limited and the results are inconsistent (7) (8) (9) .
We used data from 2 prospective cohort studies in Swedish women and men to evaluate the hypothesis that high consumption of sweetened beverages, including soft drinks and sweetened juice, is associated with an increased risk of stroke.
Participants and Methods
Study population. The Swedish Mammography Cohort and the Cohort of Swedish Men, which are prospective, population-based cohorts of Swedish women and men, respectively, provided data for the present study. In late autumn of 1997, 39,227 women (Swedish Mammography Cohort) and 48,850 men (Cohort of Swedish Men) who lived in 3 counties (Uppsala, Vä stmanland, and Ö rebro) of Sweden completed a 350-item questionnaire that solicited information on diet and other lifestyle factors. We excluded women and men with an erroneous or a missing National Registration Number (n = 243 women and n = 297 men), those with cancer (n = 1811 women and n = 2592 men) or cardiovascular disease (stroke, ischemic heart disease, angina, heart failure, and atrial fibrillation; n = 2827 women and n = 6512 men) at baseline, those who died before the start of follow-up (n = 26 women and n = 55 men), and those with implausible energy intakes (i.e., 3 SDs from the log e -transformed mean total energy intake; n = 400 women and n = 434 men). Moreover, participants were excluded if they had a history of diabetes (self-reported in the questionnaire or with a diagnosis of diabetes recorded in the Swedish National Inpatient Register or the Swedish National Diabetes Register; n = 1345 women and n = 3076 men) because they may have changed their consumption of sweetened beverages after the diagnosis. After these exclusions, 68,459 participants (32,575 women aged 49283 y and 35,884 men aged 45279 y) remained for analysis. The study was approved by the Regional Ethical Review Board at Karolinska Institutet in Stockholm, Sweden.
Baseline data collection. Information on education, body weight, height, physical activity, cigarette smoking, aspirin use, history of hypertension, family history of myocardial infarction before 60 y of age, alcohol consumption, and diet was obtained through a self-administered questionnaire. BMI was calculated as weight in kilograms divided by the square of height in meters. Participants reported their activity level at work, at home/doing housework, walking/bicycling, and performing other exercise as well as inactivity (watching television/reading) and hours per day of sitting/lying down and sleeping. The time per day reported by the participant to have engaged in each activity was multiplied by the activityÕs typical energy expenditure requirement (10) expressed in metabolic equivalents. The metabolic equivalent-hours for all activities were combined to create a metabolic equivalent-hours per day (24-h) score (11) . We calculated pack-years of smoking history by multiplying the number of packs of cigarettes smoked per day by the number of years of smoking.
Assessment of diet and beverages. Diet and beverage consumption was assessed in 1997 with a semiquantitative FFQ, designed to assess the Swedish diet, on which participants reported their average consumption of 96 foods and beverages during the past year. For most food items, the FFQ had 8 predefined frequency categories. For commonly consumed beverages, such as sweetened beverages (1 question), coffee, tea, and milk, participants indicated their usual frequency of consumption per day or per week of a standard 200 mL (1 glass) serving. The question about sweetened beverages was ''How many soft drinks or sweetened juice drinks do you drink per day or per week?'' We defined sweetened beverage consumption on the basis of that single question. No distinction was made between sugar-sweetened and low-calorie drinks. According to national consumption data, in 1997, low-calorie drinks represented 19.2% and 9.9% of total soft drink and sweetened juice drink consumption for women and men, respectively (12) .
In a validation study in a subsample of 129 women from the study population, the Pearson correlation coefficient between a similar FFQ and four 1-wk diet records was 0.6 for sweetened beverage consumption (A. Wolk, unpublished results). The FFQ used in the present study has been validated for nutrient intake, and the Spearman correlation coefficients between estimates from the FFQ and the mean of fourteen 24-h recall interviews ranged from 0.44 (protein) to 0.81 (alcohol) for macronutrients, with a mean value of 0.65 (13) .
Case ascertainment and follow-up. Incident stroke cases that occurred in the cohort during follow-up were ascertained by linkage of the study population to the Swedish Inpatient Register and the Swedish Cause of Death Register. Stroke cases were classified as cerebral infarction (International Classification of Diseases, 10th revision, code I63), intracerebral hemorrhage (code I61), subarachnoid hemorrhage (code I60), and unspecified stroke (code I64). Information on dates of death for deceased participants was obtained from the Swedish Cause of Death Register.
Statistical analysis. Participants accrued follow-up time from 1 January 1998 until the date of diagnosis of stroke, date of death, or end of followup (31 December 2008), whichever came first. We categorized participants into 5 groups of sweetened beverage consumption. This was done by grouping those who consumed $0.1 servings/d into quartiles and then finding the closest whole or half serving to create more interpretable categories. Hence, the categories were 0, 0.1 to <0.5 (reference), 0.5 to <1.0, 1.0 to <2.0, and $2.0 servings/d. We treated missing information as no consumption. We conducted a sensitivity analysis in which we excluded those with missing information on sweetened beverage consumption, and results did not change. RRs with corresponding 95% CIs of total stroke, cerebral infarction, and hemorrhagic stroke were estimated by using Cox proportional hazards regression models, stratified by age (in months) and sex. All multivariable models were further controlled for education (less than high school, high school, or university) and known risk factors for stroke, including family history of myocardial infarction before 60 y of age (yes or no), cigarette smoking (never; past: <20, 20-39, or $40 pack-years; or current: <20, 20-39, or $40 pack-years), total physical activity (metabolic equivalent-h/d, quintiles), BMI (<20, 20-24.9, 25-29.9, or $30 kg/m 2 ), history of hypertension (yes or no), aspirin use (never, 1-6 tablets/wk, $7 tablets/ wk), total energy intake (continuous, kcal/d), and alcohol consumption (quartiles, g/d). In a second multivariable model, we further adjusted for beverages and foods that are associated with risk of stroke in this study population, including coffee (14) , tea (15) , dairy products (16), fruits and vegetables (17) , chocolate (18, 19) , fish (20) , and unprocessed and processed red meat (21, 22 ) (all in quartiles). The results did not change materially after additional adjustment for sucrose-rich foods, including buns/cookies, cakes/confections, and candy. Therefore, these foods were not included in the multivariable model. In a sensitivity analysis, we adjusted for waist circumference (sex-specific quartiles) instead of BMI.
A test for trend across categories of sweetened beverage consumption was performed by assigning the median value for each category and modeling this variable as a continuous variable. We used the likelihood ratio test to test for interaction between sweetened beverage consumption and smoking, history of hypertension, overweight (BMI $25 kg/m 2 ), and sex. The statistical analyses were conducted in SAS (version 9.3; SAS Institute). All statistical tests were 2-tailed, and P values <0.05 were considered significant.
Results
Over a mean follow-up of 10.3 y (699,354 person-years) in 68,459 women and men free from cardiovascular disease, cancer, and diabetes at baseline, 3510 incident stroke cases (n = 1544 in women and n = 1966 in men) were ascertained. The strokes included 2588 cerebral infarctions, 505 hemorrhagic strokes (349 intracerebral hemorrhages and 156 subarachnoid hemorrhages), and 417 unspecified strokes. Baseline characteristics of the study population according to sweetened beverage consumption are presented in Table 1 . Compared with women and men with low consumption of sweetened beverages (0.1 to <0.5 servings/d), those who consumed $2 servings/d were less likely to have a postsecondary education and more likely to be overweight. They consumed slightly less fruits and vegetables but had a higher total energy intake and consumed more dairy products, unprocessed red meat, and processed meat.
Among women and men combined, the consumption of $2 (median: 2.1) servings/d of sweetened beverages was associated with a statistically significant increased risk of total stroke and cerebral infarction but not of hemorrhagic stroke ( Table 2) . After adjustment for other risk factors for stroke as well as for dietary factors, women and men who consumed $2 servings/d of sweetened beverages had a 19% (95% CI: 4%, 36%) and 22% (95% CI: 4%, 42%) increased risk of total stroke and cerebral infarction, respectively, compared with those who rarely consumed these beverages (0.1 to <0.5 servings/d). Results did not change when we adjusted for waist circumference instead of BMI. We observed no significant interaction between sweetened beverage consumption and smoking (P-interaction = 0.92), history of hypertension (P-interaction = 0.77), or overweight (P-interaction = 0.11) in relation to total stroke risk. Furthermore, the association between sweetened beverage consumption and stroke did not differ significantly by sex (P-interaction = 0.81 for total stroke, P-interaction = 0.94 for cerebral infarction, P-interaction = 0.60 for hemorrhagic stroke), although the results for total stroke and cerebral infarction were statistically significant in men only ( Table 3) .
Discussion
This prospective study suggests that high consumption of sweetened beverages, such as soft drinks, may increase the risk of stroke, especially cerebral infarction. Those who consumed $2 servings/d of sweetened beverages had a 22% higher risk of cerebral infarction compared with those who consumed, on average, ;2 servings/wk.
Our findings are consistent with those from a prospective study in U.S. nurses and health professionals, which showed an increased risk of stroke associated with both sugar-sweetened and low-calorie soda (8) . In that study in 84,085 women (n = 2938 stroke cases) and 43,371 men (n = 1416 stroke cases), the RRs of total stroke comparing $1 servings/d with no consumption were Sweetened beverages and stroke risk 857
1.16 (95% CI: 1.00, 1.34) for sugar-sweetened soda and 1.16 (95% CI: 1.05, 1.28) for low-calorie soda (8) . Likewise, in a prospective cohort study in 39,786 Japanese women and men (n = 1922 stroke cases), caloric sweetened beverage consumption was associated with an increased risk of ischemic stroke (RR for almost every day vs. rarely/never : 1.83; 95% CI: 1.22, 2.75) 1 n = 68,459. Participants were free from cardiovascular disease, cancer, and diabetes at baseline. 2 One serving of sweetened beverages = 200 mL. 3 Category includes those with missing information and was not included in the trend analysis. 4 The Cox proportional hazards regression model (model 1) was stratified according to age (in months) and sex and includes education, family history of myocardial infarction before 60 y of age, smoking status and pack-years of smoking, physical activity, BMI, history of hypertension, aspirin use, total energy intake, and alcohol consumption. 5 Model 2 adjusted for the same variables as in model 1 and further adjusted for quartiles of coffee, tea, dairy products, fruits and vegetables, chocolate, fish, unprocessed red meat, and processed meat.
but not hemorrhagic stroke (corresponding RR: 0.70; 95% CI: 0.40, 1.20) in women; no association was observed in men (7) . No association of regular soft drink or light soft drink consumption with total stroke risk was found in the Northern Manhattan Study in 2564 men and women (n = 225 stroke cases) (9) . However, daily consumption of diet soft drinks was associated with a nonsignificant 28% increased risk of stroke.
There are several potential mechanisms whereby sweetened beverage consumption may increase the risk of stroke. Sweetened beverage consumption has been positively associated with the metabolic syndrome (5) and its components (1, 2) . Findings from a randomized, controlled crossover trial in healthy young men showed harmful effects of low to moderate consumption of sugar-sweetened beverages on LDL particles, fasting glucose, and high-sensitivity C-reactive protein (2) . Furthermore, in the Health Professionals Follow-Up Study, sweetened beverage consumption was positively associated with plasma TGs, C-reactive protein, IL-6, and TNF receptors 1 and 2 and inversely associated with HDL cholesterol, lipoprotein(a), and leptin (1). Sugar-sweetened beverage consumption has been found to increase blood glucose and insulin concentrations (23) and has been positively associated with weight gain (24) and the risk of developing type 2 diabetes (5). Overweight and obesity as well as type 2 diabetes are well-established risk factors for cerebral infarction (25, 26) but are not clearly associated with risk of hemorrhagic stroke (25, 27) . It has been suggested that sugar-sweetened beverages promote weight gain by their high added-sugar content, low satiety, and incomplete compensation 1 n = 32,575 women and 35,884 men. Participants were free from cardiovascular disease, cancer, and diabetes at baseline. P values for interaction by sex were 0.81 for total stroke, 0.94 for cerebral infarction, and 0.60 for hemorrhagic stroke. 2 One serving of sweetened beverages = 200 mL. 3 Category includes those with missing information and was not included in the trend analysis. 4 The Cox proportional hazards regression model (model 1) was stratified on age and includes education, family history of myocardial infarction before 60 y of age, smoking status and pack-years of smoking, physical activity, BMI, history of hypertension, aspirin use, total energy intake, and alcohol consumption. 5 Model 2 adjusted for the same variables as in model 1 and further adjusted for quartiles of coffee, tea, dairy products, fruits and vegetables, chocolate, fish, unprocessed red meat, and processed meat.
Sweetened beverages and stroke risk 859 for total energy (28) . The effect of liquid sugar intake on body weight may also depend on dietary behavior, the mode of use, availability, and the cost of sweetened liquids (29) . A potential explanation for the lack of association of sweetened beverage consumption with hemorrhagic stroke may be that the metabolic alterations (e.g., increased TGs, glucose, and inflammatory factors) caused by sweetened beverage consumption do not increase the risk of hemorrhagic stroke. Another possibility is the relatively few cases of hemorrhagic stroke. The CIs for the relation between sweetened beverage consumption and hemorrhagic stroke were broad and we cannot exclude a possible association.
Strengths of this study include its prospective design, large number of incident stroke cases, and the completeness of followup of participants through linkage to population-based Swedish registries. A limitation is its observational design. Hence, we cannot exclude the possibility of residual confounding due to unmeasured or imprecise measurement of other risk factors for stroke. Another limitation is that sweetened beverage consumption was assessed with a self-administered questionnaire and was measured only once. This will inevitably lead to some measurement error in the assessment of sweetened beverage consumption. Because of the prospective design, any measurement error would be expected to be nondifferential and most likely lead to an attenuation of the true association. Sweetened beverage consumption in Sweden declined slightly during the follow-up period (30) . Our study is further limited by the lack of information on whether the sweetened beverages consumed were sweetened with sugar (sucrose is the sweetener used in soft drinks in Sweden) or with artificial (low-calorie) sweeteners such as aspartame. According to food consumption data from a national survey conducted in Sweden in 1997 (12) , of the total consumption of soft drinks and sweetened fruit drinks, low-calorie drinks represented 19.2% and 9.9% of consumption in women and men, respectively. A previous study showed that both sugar-sweetened and low-calorie sodas were associated with increased risk of stroke (8) .
In conclusion, findings from this prospective cohort study suggest that high consumption of sweetened beverages is associated with an increased risk of stroke, particularly cerebral infarction. This finding warrants confirmation by other large studies.
